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CHAPTER  I 


INTRODUCTION 

In  recent  years  Estes  (8)  and  others  (1,  2,  3 , 20,  23)  have  re- 
ported a number  of  experiments  dealing  with  the  development  of  a 
statistical  association  theory  of  learning  (6,  7,  10).  Many  of  these 
studies  were  based  cm  an  experimental  paradigm  originated  by  Humphreys 
(16)  in  which  S is  asked  to  predict  which  of  two  events  will  occur  on 
each  trial.  The  occurrence  of  the  events  was  predetermined  according 
to  a random  schedule.  Thus  S was  confronted  with  a problem  which  virtu- 
ally precluded  mastery.  The  results  of  experiments  which  used  this 
paradigm  showed  that  S characteristically  predicted  the  occurrence  of 
either  of  the  two  events  about  as  often  as  they  actually  occurred,  al- 
though such  "probability  matching"  behavior  (11)  led  S to  make  a con- 
siderable number  of  errors.  That  is,  if  one  event  occurred  10  times, 
for  example,  S would  predict  that  it  occurred  10  tines  although  not 
necessarily  on  those  10  trials  on  which  the  event  occurred. 

Several  authors  (8,  28)  noted  that  this  type  of  behavior  did  not 
maximize  the  proportion  of  correct  predictions  and  apparently  contra- 
dicted the  conventional  interpretation  of  the  law  of  effect  (24).  In 
their  analysis  of  this  situation,  these  writers  assumed  that  making  a 
correct  prediction  was  more  satisfying  than  making  an  incorrect  predic- 
tion and  that  S should  learn  to  predict  the  more  frequently  occurring 
event  on  all  trials  to  maximize  the  number  of  correct  predictions. 
Hilgard  (15 ),  however,  suggested  that  since  Ss  in  these  experiments  made 
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their  predictions  in  a no-risk  situation,  there  was  not  a sufficient 
difference  between  the  consequences  of  a correct  and  an  incorrect  pre- 
diction for  the  law  of  effect  to  apply. 

To  test  the  predictions  of  the  statistical  association  theory 
against  the  predictions  of  the  law  of  effect  a situation  was  designed 
which  provided  a sufficient  difference  between  the  consequences  of  a 
correct  and  an  incorrect  prediction  by  giving  S a mild  electrical  shock 
whenever  he  made  an  incorrect  prediction.  The  statistical  association 
theory  says  S will  predict  the  occurrence  of  alternative  events  about 
as  often  as  they  occur.  On  the  other  hand  the  law  of  effect  predicts 
that  S will  learn  to  maximize  the  accuracy  of  his  predictions  by  predict- 
ing the  more  frequently  occurring  event  on  all  trials.  Since  the 
present  study  differentiated  sufficiently  between  the  consequences  of 

v 

a correct  and  an  incorrect  prediction,  the  possibility  that  S's  proba- 
bility matching  behavior  was  merely  an  outcome  of  the  particular  no-risk 
situation  was  tested.  The  major  interest  of  this  experiment  was  in  the 
difference  between  the  predictions  of  Ss  who  received  a shock  after  an 
incorrect  response  and  the  predictions  of  Ss  who  were  not  shocked. 

Formal  Aspects  of  the  Statistical  Association  Theory 
According  to  the  Estes  model  (8,  10)  it  was  assumed  that  on  each 
trial  a signal  light  determined  a random  set  or  sample  of  stimulus  ele- 
ments representative  of  a population  of  stimulus  elements  which  were 
determined  by  the  characteristics  of  the  stimulating  situation.  The 


model  further  assumed  that  the  sample  of  stimulus  elements  at  any  given 
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time  was  a constant  fraction  or  proportion  of  the  population  of  stimulus 
elements  available  to  S.  This  constant  proportion  was  called  ©,  Theta. 
Estes  assumed  that  the  occurrence  of  either  of  the  two  events,  called  El 
and  E2,  constituted  a reinforcement  or  a reinforcing  event,  and  that  the 
occurrence  of  El  evoked  in  S a response  belonging  to  the  class  Al.  The 
response  Al  was  one  which  led  S to  predict  the  occurrence  of  El  and  which 
prevented  S from  predicting  the  occurrence  of  E2  on  the  next  trial. 
Likewise,  it  was  assumed  that  the  reverse  of  this  process  occurred  on  an 
E2  trial.  That  is,  the  occurrence  of  E2  evoked  in  S a response  belonging 
to  the  class  A2,  and  that  A2  was  a response  which  led  S to  predict  the 
occurrence  of  E2  and  prevented  S from  predicting  the  occurrence  of  El  on 
the  next  trial.  Based  on  the  foregoing  analysis  Estes  (8)  developed 
these  rules  for  calculating  the  change  in  response  probability  follow- 
ing an  El  and  an  E2  trial  respectively: 

(1)  p(n+l)  « (l-e)p(n)  + e 

ror,  the  probability  of  Al  cm  trial  n+1  equals  the  proportion  of 
elements  already  associated,  plus  the  proportion  sampled,  and  therefore 
associated,  on  trial  n. 

(2)  p(n+l)  » (1-©)  p(n) 

-or,  the  probability  of  Al  on  trial  n+1  equals  the  proportion  of 
elements  not  sampled  times  the  proportion  previously  associated. 

to  the  basis  of  these  rules,  the  following  equation  was  derived 
to  describe  the  average  probability  of  an  Al  response  on  trial  n. 


(3)  p(n)  * " - C - p(o) ) (l-6)n 
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-where  ir  equals  the  probability  of  the  occurrence  of  El,  and 
l-"Tr  equals  the  probability  of  the  occurrence  of  E2,  and  p(o)  equals 
the  average  probability  of  an  A1  response  prior  to  trial  one. 

This  equation  describes  a negatively  accelerated  curve  running 
from  the  initial  value  of  the  probability  of  an  A1  response,  p(0),  to 
the  asymptotic  value,  1T,  as  the  number  of  trials  becomes  large.  This 
equation  leads  to  the  prediction  that  an  S will  respond  so  as  to  match 
the  probability  of  occurrence  of  the  alternative  events.  That  is,  S 
will  predict  that  an  event  will  occur  15  per  cent  of  the  time  when 
that  event  occurs  15  per  cent  of  the  time  over  an  extended  series  of 
trials.  Predictions  generated  by  equation  (3)  have  been  supported  by 
the  results  of  a number  of  experiments  (l,  3,  8,  13,  14,  20). 

Review  of  the  Literature  on  Shock 
The  use  of  shock  in  learning  experiments  was  by  no  means  new, 
although  it  had  not  been  applied  to  the  Estes  situation  before.  The 
results  of  previous  research  on  the  effects  of  shock  on  the  learning 
process  will  be  selectively  reviewed  before  considering  further  details 
of  the  present  study. 

A review  article  by  Rethlingshafer  (22)  made  several  points  with 
regard  to  the  use  of  shock  in  psychological  experiments.  She  listed 
five  identifiable  effects  of  shock:  l)  Emphasizing,  2)  Motivating, 

3)  Disrupting,  4)  Alerting,  and  5)  Informing.  She  also  pointed  out 
that  shock  may  operate  in  more  than  one  way,  in  more  than  one  direction, 
and  in  an  inequal  manner  from  problem  to  problem.  Postman  (21)  expressed 
substantially  the  same  view  in  his  review  of  the  role  of  punishment  in 
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relation  to  the  law  of  effect.  The  probable  effects  of  shock  may  not 
be  stated  with  any  great  measure  of  generality,  if  these  extensive  re- 
views of  the  literature  are  used  as  a guide.  Thus  certain  specific 
experiments  will  be  cited  to  illustrate  some  possible  effects  of  shock 
as  they  relate  to  the  present  experiment. 

Warden  and  Aylesworth  (25)  found  that  rats  shocked  for  a wrong 
response  reached  a criterion  of  nine  out  of  ten  correct  choices  in  a 
discrimination  learning  problem  in  56.2  trials,  compared  to  293.5  trials 
required  by  rats  not  shocked  but  given  food  on  a correct  choice.  In  one 
of  a series  of  experiments  on  the  effects  of  shock  on  discrimination 
learning  in  the  rat,  Muenzinger  and  Fletcher  (19)  found  that  both  shock- 
wrong  and  shock-right  conditions  led  to  faster  learning  than  a no-shock 
procedure.  These  experimenters  concluded  that  shock  after  the  choice 
point  produced  an  accelerating  factor  and  that  shock  before  the  choice 
point  produced  a retarding  factor  in  learning, 

Wischner  (26)  also  studied  discrimination  learning  in  the  rat. 

He  used  a noncorrection  procedure  rather  than  a correction  procedure 
such  as  was  used  by  Muenzinger.  Wischner* s results  were  similar  to 
Muenzinger* s in  that  shock-wrong  conditions  led  to  faster  learning  than 
no  shock  conditions,  but  showed  that  shock  on  a right  response  led  to 
slower  learning  than  no-shock  conditions  and  had  a specific  effect  with 
respect  to  the  response  punished  rather  than  a general  accelerating 
effect,  Woodworth  (27)  reviewed  these  and  other  experiments  and  sug- 
gested that  the  effects  of  shock  seemed  to  be  to  increase  vicarious 
trial  and  error  at  the  choice  point  and  that  VTE  seemed  to  be  helpful 
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to  rats  in  solving  discrimination  problems. 

Estes  (5)  reported  an  extensive  study  of  the  behavior  of  rats  in 
a Skinner  box  with  shock  used  as  a punishment.  He  found  that  shock  de- 
pressed the  rate  of  response,  but  that  following  the  cessation  of  shock, 
in  their  next  experimental  session,  the  rats  resumed  bar -pressing  and 
continued  in  an  extinction  series,  with  the  number  of  trials  to  extinc- 
tion dependent  on  the  extent  of  original  training  with  positive  rein- 
forcement. Of  particular  relevance  was  Estes'  comment  that,  The  ef- 
fects of  periodically  administered  punishment  are  more  specific  to  the 
punished  response."  This  led  to  the  expectation  that  S,  on  receiving 
shock  after  a wrong  response  in  the  present  experiment,  would  associ- 
ate the  shock  with  the  wrongness  of  his  response  and  would,  presumably, 
attempt  to  make  as  many  correct  responses  as  possible, 

A study  by  Freeburne  and  Schneider  (12),  on  maze  learning,  was 
representative  of  many  experiments  which  used  shock  as  a punishment  for 
wrong  responses  with  human  Ss.  In  this  experiment  shock  was  given  fol- 
lowing a wrong  response,  following  a right  response,  and  following  both 
right  and  wrong  responses  to  different  groups  of  Ss.  The  results  showed 
that  learning  was  faster  in  all  three  shock  groups  than  in  a no -shock 
control  group,  that  shock -both  Ss  learned  faster  than  shock-right  Ss, 
and  that  shock-right  and  shock-wrong  Ss  did  not  differ  significantly  in 
rate  of  learning.  The  authors  noted  that  their  data  were  consistent 
with  previous  research  using  shock  with  both  human  and  animal  Ss.  The 
findings  of  this  experiment,  however,  were  not  in  agreement  with  the 
earlier  results  of  Muenzinger  (18)  who  found  no  differences  between 
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no-shock,  shock-wrong,  and  shock-right  conditions  on  a maze  learning 
task  using  human  Ss. 

Although  shock  was  used  as  a consequence  of  a wrong  response  in 
the  experiments  cited  above,  these  studies  may  he  distinguished  from 
the  present  study  on  the  basis  of  the  type  of  learning  task  involved. 

In  discrimination  experiments,  S is  faced  with  the  task  of  learning  to 
make  correct  choices  when  a correct  choice  is  identified  by  some  dis- 
criminable  cue  stimulus  differentiating  it  from  the  incorrect  choice 
on  every  trial.  Such  is  not  the  case  in  the  Estes -type  problem  where 
there  is  no  stimulus  associated  100  per  cent  of  the  time  with  a correct 
choice.  Likewise  in  maze  learning  experiments,  where  an  incorrect 
turn  at  a choice  point  results  in  shock,  the  situation  is  different 
from  the  Estes  situation  in  that  6 is  given  repeated  runs  through  the 
maze  until  the  pattern  of  right  and  left  turns  is  mastered  and  the 
punishment  following  an  error  is  avoided.  In  a random  series  of  al- 
ternative events  there  is  no  obvious  pattern,  and  S is  given  only  one 
run  through  the  complete  series  of  trials,  which,  it  is  assumed,  makes 
it  very  difficult  for  him  to  learn  which  alternative  will  be  correct 
on  the  next  trial. 

The  Hypothesis  Tested 

In  the  light  of  this  review  of  the  use  of  shock  in  learning 
studies,  it  was  expected  that  shock  applied  to  the  Estes-type  situation 
would  result  in  improved  learning  in  Ss  who  received  the  shock  after  an 
incorrect  prediction  as  compared  with  Ss  who  received  no  shock.  That 
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is,  it  was  assumed  that  S would  learn  that  shock  followed  an  incorrect 
prediction  and  would  attempt  to  avoid  shock  by  making  as  many  correct 
predictions  as  possible.  To  maximize  accuracy,  Ss  shocked  after  an  in- 
correct prediction  would  have  to  make  fewer  A1  responses  than  the  Ss 
who  were  not  shocked.  Thus  shock  following  an  incorrect  prediction  was 
expected  to  result  in  Ss  making  fewer  A1  responses  and  therefore  fewer 
errors  than  Ss  who  were  not  shocked. 

The  following  specific  hypothesis  was  tested: 

The  learning  performance  of  a group  of  Ss  who  attempt  to  predict 
which  of  two  uncertain  alternative  events  will  occur  and  who  receive  a 
mild  electrical  shock  when  their  prediction  is  incorrect  will  be  dif- 
ferent from  the  performance  of  groups  of  Ss  who  attempt  to  the  same 
predictions  but  who  are  not  shocked  on  an  incorrect  response > when  the 
number  of  A1  responses  and  the  number  of  errors  are  used  as  an  index  of 
learning. 

It  was  predicted  that  Ss  shocked  after  a wrong  response  would 
predict  the  less  frequently  occurring  event  less  often  than  Ss  who  were 
not  shocked,  in  accord  with  predictions  derived  from  the  law  of  effect, 
and  contrary  to  the  predictions  derived  from  the  Estes  theory. 


CHAPTER  II 


METHOD 

Design  — A test  of  the  predictions  of  the  Estes  theory  and  the 
corresponding  opposed  predictions  of  the  law  of  effect  had  to  provide 
a situation  which  insured  consequences  on  a correct  and  an  incorrect 
prediction  which  were  sufficiently  differentiating  to  preclude  3 being 
given  a nc  risk  choice.  The  following  experimental  conditions  were  de- 
signed to  satisfy  such  a requirement: 

1.  S was  required  to  predict  the  occurrence  of  uncertain  al- 
teraative  events  over  an  extended  series  of  trials  so  that 
he  had  an  opportunity  to  determine  which  of  the  two  events 
occurred  more  frequently. 

2.  The  performances  of  Ss  who  received  shock  on  an  incorrect 
prediction  were  compared  with  the  performances  of  Ss  who 
received  no  shock. 

3.  To  insure  that  the  differences  observed  between  the  no-shock 
and  the  shock-wrong  groups  were  produced  by  the  occurrence 
of  shock  after  an  incorrect  prediction,  there  was  a third 
group  of  Ss  which  received  the  same  number  of  shocks  on  the 
same  trials  and  at  the  same  point  in  each  trial  as  the  Ss  of 
of  the  shock-wrong  groups.  These  Ss,  however,  were  shocked 
whether  or  not  their  predictions  were  correct  or  incorrect. 
The  performances  of  these  Ss  were  compared  with  the  perform- 
ances of  the  shock-wrong  Ss  to  determine  whether  the  shock 
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affected  S*a  behavior  independently  of  its  following  an 
incorrect  prediction. 

4.  There  were  three  ^ values,  that  is  the  probability  of  oc- 
currence of  the  El  event,  used  so  that  the  effects  of  shock 
in  this  type  of  learning  situation  could  be  observed  over  a 
broad  range  of  "rr  values  to  test  more  precisely  and  effi- 
ciently the  outcomes  predicted  by  the  opposed  theoretical 
views.  The  use  of  three  7r  values  also  permitted  further 
testing  of  the  Estes  model  under  slightly  different  condi- 
tions in  a different  laboratory. 

The  three  ^ values  used  were  .05,  .15,  and  ,40.  These  probability 
values  provided  for  a broad  test  of  the  opposed  theoretical  views.  For 
example,  in  the  case  of  the  .05  groups,  if  S could  learn  to  predict  the 
more  frequently  occurring  event  on  all  trials,  he  should  have  been  able 
to  learn  in  this  condition  with  relative  ease.  Conversely,  in  the  case 
of  the  .40  groups,  the  task  of  predicting  the  more  frequently  occurring 
event  on  every  trial  was  less  easy.  The  .15  groups  were  included  for 
the  purpose  of  a direct  comparison  of  the  results  of  this  experiment 
with  the  results  of  Estes  and  Straughan  (8)  to  determine  whether  or  not 
this  situation  could  be  said  to  fit  the  model  it  was  designed  to  test, 
and  also  to  increase  the  efficiency  and  generality  of  the  data  collected. 

In  addition  to  the  no-shock  and  shock-wrong  groups,  there  were 
none  on  tingent -shock  groups  run  and  the  data  of  the  noncontingent -groups 
were  compared  with  the  data  of  the  shock-wrong  groups  to  discover  the 
effects  of  shock  on  a wrong  response  as  opposed  to  the  general  effects 
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of  shock. 

During  an  initial  series  of  120  trials  the  effects  of  shock  given 
after  incorrect  predictions  as  compared  with  no-shock  or  noncontingent- 
shock  were  evaluated  when  groups  with  similar  initial  response  probabi- 
lities, that  is  the  Ss  in  these  groups  were  equally  likely  to  make 
either  an  A1  or  an  A2  response,  were  given  different  reinforcement 

schedules.  In  a second  series  of  80  trials,  the  effects  of  shock  were 

■ ? 

evaluated  when  groups  with  different  initial  response  probabilities 
were  given  identical  reinforcement  schedules . 

To  control  for  chance  peculiarities  of  any  given  event  schedule, 
five  different  schedules  were  drawn  from  a table  of  random  numbers  for 
each  of  the  three  initial  probability  values,  .05,  .15,  and  .ko  and  for 
the  one  final  probability  value,  .20.  These  sets  of  event  schedules 
were  assigned  to  successive  Ss  so  that  every  event  schedule  for  a given 
initial  probability  value  was  assigned  to  two  Ss  in  each  group  of  10. 

For  one  of  these  pairs  of  Ss  receiving  the  same  schedule,  El  was  on  the 
right,  and  for  the  other,  El  was  on  the  left.  This  counterbalancing 
procedure  controlled  for  S's  position  preference.  A summary  of  the  as- 
signment of  experimental  conditions  to  the  different  groups  of  the  ex- 
periment appears  in  Table  1. 

Apparatus  — The  data  were  collected  in  an  8 x 8 ft.  three-sided 
screened-in  booth  made  of  black  curtains.  A 30  in.  square  stimulus  panel 
was  placed  at  the  closed  end  of  the  booth.  The  panel  contained  three 
milk-glass  lights;  a circular  signal  light  2 in.  in  diameter,  centered 
in  the  panel  18  inches  above  its  base,  and  two  2 in.  square  event  lights. 
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TABLE  1 

Assignment  cxf  Experimental  Conditions  to  Groups  of  Ss 


Group 

Experimental  Conditions 

N "Tr,  Series  1 

"Tr,  Series  2 

1 

No-Shock 

10 

♦05 

.20 

2 

Shock-Wrong 

10 

♦05 

.20 

3 

Noncontingent-Shock 

10 

♦05 

.20 

k 

No -Shock 

10 

.15 

.20 

5 

Shock-Wrong 

10 

.15 

.20 

6 

Noncontingent -Shock 

10 

.15 

.20 

7 

No-Shock 

10 

.40 

.20 

8 

Shock-Wrong 

10 

.40 

.20 

each  7 l/2  in.  from  the  center  of  the  panel  on  both  sides  of  the  signal 
light  and  12  In.  above  the  base.  A two-way,  spring-loaded  switch  was 
mounted  in  the  panel  12  in.  below  the  center  light.  The  stimulus  panel 
was  painted  flat  black  and  was  mounted  on  a base  stand  which  extended 
10  in.  out  from  the  front  of  the  panel.  A 4 in.  square  was  outlined 
in  white  on  the  base  stand,  centered  below  the  switch.  The  panel  was 
placed  on  a 2k  in.  x 3 6 in.,  30  in.  high  table.  S sat  on  a chair  21 
in.  high  facing  the  panel,  surrounded  by  the  three-sided  experimental 
booth.  Figure  7 in  the  Appendix  contains  a photograph  of  the  stimulus 
panel.  Windows  of  the  experimental  room  were  covered  with  black  cur- 
tains which  blocked  out  most  extraneous  light  from  the  booth.  During 
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an  experimental  session,  the  booth  was  lighted  by  a 40  watt  bulb  hung 
approximately  above  S*s  left  shoulder  as  he  sat  facing  the  stimulus 
panel. 

The  lights  in  the  stimulus  panel  were  operated  manually  by  E, 
who  was  seated  at  a control  switch  board  at  the  right  rear  outside  edge 
of  the  experimental  booth.  A wiring  circuit  permitted  E to  initiate 
each  trial  by  turning  chi  the  circular  signal  light  in  the  center  of  the 
panel.  When  R made  a prediction  by  pressing  the  panel  switch  either  to 
the  right  or  left,  his  response  turned  off  the  center  light  and  turned 
on  whichever  of  the  two  square -shaped  side  lights  E had  predetermined 
was  correct  on  any  given  trial.  As  required,  a light  flashed  in  E’s 
control  switch  board  to  signal  E that  the  prediction  was  incorrect.  The 
onset  of  the  center  light  and  the  operation  of  the  panel  switch  by  S 
activated  appropriate  signal  markers  on  a Gerbrands  four -pen  recorder 
and  provided  a continuous  record  of  S*s  reaction  latency  and  his  re- 
sponses throughout  the  experimental  session.  Duration  of  the  event 
light  was  controlled  by  a Model  TD,  105-130  volt,  60  cycle  interval 
timer  made  by  the  Industrial  Timer  Corporation,  Newark,  N.  J. 

The  shock  stimulus  was  a .5  millisecond  pulse  of  about  91  volts 
which  E administered  manually  by  means  of  a microswitch  at  the  control 
switch  board.  A Stoelting  No.  5^020,  115  volt,  50-60  cycle  Electronic 
Stimulator  was  used  to  generate  the  shock.  The  intensity  of  the  shock 
was  determined  by  a preliminary  study  using  two  male  and  two  female  Ss. 
In  the  preliminary  study,  the  shock  was  presented  according  to  a modi- 
fied method  of  limits  to  determine  the  value  of  the  absolute  threshold 
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and  the  upper  threshold , defined  by  the  instruction  given  the  four  Ss 
as  follows:  "Now  I want  you  to  tell  me  when  the  shock  becomes  so  strong 

you  want  me  not  to  turn  it  up  any  further.”  There  were  10  ascending  and 

•A* 

10  descending  series  in  setting  the  absolute  threshold  and  10  ascending 
series  in  setting  the  upper  threshold.  When  these  thresholds  were  de- 
termined, the  intensity  of  the  shock  to  be  used  was  fixed  arbitrarily 
as  the  50  per  cent  point  between  the  two  thresholds.  After  the  intensity 
of  the  shock  stimulus  was  set,  it  was  not  changed  throughout  the  remainder 
of  the  experiment. 

Subjects  — The  Ss  were  80  college  students  who  volunteered  to 
serve  as  subjects.  They  were  solicited  from  the  beginning  Psychology 
courses  at  the  University  of  Florida,  and  most  of  them  received  credit 
towards  fulfillment  of  a course  requirement  for  serving  in  this  experi- 
ment. They  were  advised  of  the  possibility  of  their  being  shocked.  It 
was  assumed  that  these  Ss  were  representative  of  the  undergraduate 
psychology  students  at  the  University  of  Florida  who  wished  to  serve  in 
an  experiment  and  who  were  not  discouraged  by  the  possibility  of  being 
shocked.  The  Ss  were  taken  as  they  reported  to  the  experimental  room 
and  were  formed  into  groups  of  10  in  the  following  order:  Ss  1-10, 

» .05  no-shock}  Ss  11-20,  ir  = .15  no-shock}  Ss  21-30,  ir  = .40  no-shock} 
Ss  31-40,  ir  * .05  shock-wrong;  Ss  41-50,  ir  » .15  shock-wrong;  Ss  51-60, 
tr  = .40  shock-wrong;  Ss  61-70,  w = .05,  noncontingent -shock;  Ss  71-80, 

‘fr  = .15  noncontingent-shock.  This  schedule  was  used  to  avoid  the  un- 
conoroxied  effects  which  might  have  resulted  from  an  S previously  run 
telling  an  S to  be  run  about  his  experience  in  the  experiment.  Such 
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an  effect  would  have  been  particularly  damaging  if  Ss  who  had  received 
shock  told  Ss  to  be  run  but  who  were  not  to  be  shocked  about  their  ex- 
periences. Thus,  using  the  schedule  outlined  above,  when  an  experimental 
condition  was  changed,  it  was  E who  determined  what  the  change  was  to  be 
and  when  it  was  to  be  made. 

The  records  of  six  Ss  were  eliminated  as  a result  of  procedural 
errors  and  breakdown  of  the  apparatus.  An  additional  21  Ss  were  run  in 
the  """  = *°5,  .15,  and  .40  shock-wrong  conditions  but  were  eliminated 
when  it  was  discovered  that  the  shock  equipment,  which  had  been  wired 
to  operate  automatically,  was  actuating  at  times  other  than  on  a wrong 
prediction  by  S,  These  21  Ss  were  replaced  by  Ss  who  were  run  follow- 
ing a modification  of  the  apparatus  which  eliminated  the  possibility  of 
any  extraneous  shock.  The  apparatus  as  it  was  used  throughout  the  ex- 
periment was  described  in  the  preceding  section.  The  data  of  these  21 
Ss  are  shown  in  Table  2 in  the  Appendix  to  complete  the  record  of  all  Ss 
run  in  this  experiment.  No  analysis  of  these  data  was  attempted  as  in- 
terpretation of  the  results  would  be  difficult  because  the  data  were 
contaminated  by  the  uncontrolled  extraneous  shock. 

Two  other  Ss  were  replaced,  one  in  each  of  the  ir  = .05  and  .15 
no-shock  groups,  because  they  both  questioned  E about  the  possibility 
of  their  being  shocked  upon  arriving  at  the  experimental  roam,  because 
they  told  E that  they  did  not  want  to  be  shocked , and  because  they  were 
the  only  Ss  in  any  of  the  no-shock  groups  who  mentioned  shock  prior  to 
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being  informed  whether  or  not  they  were  to  be  shocked.’*’ 

Procedure  — At  the  beginning  of  an  experimental  session  S was 
seated  in  front  of  the  stimulus  panel  and  was  asked  to  read  the  follow- 
ing instructions,  typed  on  a 5 x 8 in,  card: 

"Your  job  in  this  experiment  will  be  to  predict  correctly  as 
often  as  you  can  which  of  the  two  square-shaped  side  lights,  the  right 
or  the  left,  will  light  up  after  the  round  center  light  goes  off.  What 


you  do  is  wait  for  the  center  light  to  come  on,  signaling  you  to  make 
your  decision,  then  press  the  lever  to  the  right,  if  you  predict  that 
the  right  light  will  come  on,  or  to  the  left,  if  you  predict  that  the 
left  light  will  come  on.  If  you  cannot  decide  which  of  the  two  side 
lights  will  light  up,  then  you  may  guess. 

"You  are  to  make  your  prediction  as  soon  as  possible  after  the 
center  signal  light  comes  on.  Since  either  the  right  or  the  left  light 
will  light  up  on  each  trial,  it  will  he  necessary  for  you  to  make  a 
prediction  on  each  trial.  After  you  have  made  your  decision,  place 
your  hand  on  the  square  outlined  on  the  base  of  the  apparatus  and  wait 
for  the  signal  beginning  the  next  trial. 


"The  way  the  apparatus  is  hooked  up  the  experimenter  will  turn 
on  the  center  light,  and  when  you  make  your  prediction,  the  center 


, , , A record  of  the  A1  responses  and  errors  for  blocks  of  20  trials 

^ougiout  the  experiment  of  the  two  original  Ss,  the  two  replacement  Ss, 
Sfrab L’T?  “S**?  °f  J?6  °ther  nine  oriSlnal  SB  in  both  groups  appeals 
J+ln  Appemix*  The  reported  in  the  main  experiment  in- 

vitb'  J+h  +W°  replace®ent  §B-  analyses  of  A1  response  data  were  made 
with  both  the  original  and  the  replacement  Ss  included. 
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light  iri.ll  go  off  and  the  correct  side  light  will  corns  on.  This  way 
you  will  be  able  to  tell  if  jour  prediction  was  correct  or  incorrect  as 
soon  as  you  make  your  decision.  Remember , your  job  is  to  wgfr*  as  may- 
correct  predictions  as  you  can." 

If  S asked  questions  about  the  experimental  procedure,  E answered 
them  by  paraphrasing  appropriate  sections  of  the  original  instructions. 
Other  questions  were  evaded  and  B asked  S to  do  as  well  as  he  could.  If 
S was  to  be  in  one  of  the  shock-wrong  groups,  E asked  if  S were  right  or 
left  handed.  Then  E said,  "According  to  my  schedule,  you  are  one  of  the 
subjects  in  this  experiment  who  is  to  be  shocked.  I*d  like  to  attach 
these  shock  electrodes  to  your  left  (or  right)  thumb."  The  shock  elec- 
trodes were  then  attached  to  the  nonpreferred  hand  in  every  case.  TLs 
two  electrodes  were  taped  to  the  palmar  surface  of  the  thumb,  opposite 
the  cuticle  and  at  the  bend  of  the  first  joint.  Then  E said,  "Row  we* 11 
try  four  practice  trials."  If  S was  to  be  shocked, E added,  "There  will 
be  no  shock  on  these  practice  trials." 

The  practice  trials  consisted  of  the  appearance  of  the  reinforc- 
ing event  on  the  left,  right,  right,  and  left  in  that  order,  regardless 
of  whether  El  was  to  be  on  the  right  or  left  during  the  regular  experi- 
mental run  which  followed.  After  completing  the  practice  trials,  E cor- 
rected S' s procedural  mistakes  if  there  were  any.  Then  the  experimental 
booth  was  darkened,  except  for  the  single  light  bulb  above  S*a  left 
shoulder,  and  the  main  part  of  the  experiment  was  begun.  The  200-trial 
sequence  was  run  off  without  interruption  and  with  no  gap  between  Series 
1 and  Series  2. 
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(to  each  trial  the  round  signal  light  in  the  center  of  the  panel 
came  on  and  remained  on  until  S indicated  his  prediction  by  moving  the 
lever  to  the  rigfct  or  left.  S's  response  turned  off  the  signal  light 
and  turned  on  whichever  of  the  event  lights  was  correct  for  that  trial. 
If  S was  in  one  of  the  shock  groups  his  response  also  operated  a light 
in  E*s  control  switchboard  when  the  prediction  was  incorrect,  then 
shock  was  administered  on  an  incorrect  prediction,  E operated  the  micro- 
switch immediately  following  S's  response . The  event  light  remained  on 
for  about  1.5  seconds.  The  intertrial  interval  was  approximately  five 
seconds.  The  200-trial  sequence  was  run  off  at  a relatively  constant 
rate  and  took  about  30  minutes  for  each  S . 


CHAPTER  III 


RESULTS 

Analysis  of  A1  Response  Data 

The  three  no-shock  groups  were  used  as  control  groups  to  test 
the  predictions  of  the  Estes  theory  against  the  performances  of  the 
shock -wrong  groups*  To  test  the  model  fairly } the  asymptotic  proba- 
bility  of  an  A1  response  in  these  no-shock  groups  should  have  been  ,05, 
.15,  and  *k0  in  Series  1 and  *20  in  Series  2*  Estimates  of  the  asymp- 
totic probability  of  an  A1  response  in  the  no-shock  groups  were  ob- 
tained by  taking  the  number  of  A1  responses  made  by  each  S on  the  last 
20  trials  of  both  series,  summing  over  Ss,  dividing  by  10  to  obtain  an 
average  for  the  group,  and  dividing  by  20  to  obtain  the  relative  fre- 
quency. The  asymptotic  probabilities  of  an  A1  response  over  the  last 
20  trials  of  Series  1 were  .055,  .160,  and  .375,  for  the  ir  . .05,  .15, 
and  .40  groups  respectively.  The  asymptotic  probabilities  of  an  A1 
response  over  the  last  20  trials  of  Series  2 were  .205,  .155,  and  .310 
for  the  lr  » .05,  .15,  and  .4-0  groups  respectively.  The  observed  asymp- 
totic probability  values  of  Series  1 were  in  closer  agreement  with 
predictions  of  the  Estes  theory  than  the  observed  values  of  Series  2. 
However,  the  performances  of  the  three  no-shock  groups  were  taken  as 
representative  of  the  Estes  model,  and  were  used  as  a basis  for  testing 
the  effects  of  shock  on  the  number  of  A1  responses  made  during  both 
Series  1 and  2. 
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Curves  representing  the  group  mean  probability  of  an  A1  response 
for  the  = .05,  .15,  and  .40  no-shock  and  shock-wrong,  and  for  the 
a .15  and  .15  noncontingent  groups  for  blocks  of  20  trials  during 
Series  1 and  2 are  shown  below  in  Figures  1,  2,  and  3.  These  curves 
show  the  over-all  performances  and  the  differences  between  the  per- 
formances of  the  no-shock,  shock-wrong,  and  noncontingent -shock  groups 
for  each  of  the  three  ",r  values. 

To  determine  whether  the  over-all  differences  between  the  per- 
formances of  the  no-shock  and  shock-wrong  groups  were  significant,  the 
A1  response  data  of  the  three  pairs  of  no-shock  and  shock-wrong  groups 
for  trials  1 through  200  were  analyzed  by  means  of  a Mixed  Model,  Type 
1 analysis  of  variance,  as  outlined  by  Lindquist  (17).  She  difference 
between  the  7r  * ,05  no-shock  and  shock-wrong  groups  was  significant, 

F = 6.37,  .05>p>.01.  The  differences  between  the  w m .15  and  ,l*-0 
no-shock  and  shock-wrong  groups  were  not  significant,  F ■ 2.18,  and 
F * 0.06  respectively.  Summaries  of  these  analyses  are  shown  in  Tables 
h,  5,  and  6 in  the  Appendix.  These  analyses  indicated  that  there  was  a 
significant  difference  between  the  over-all  performances  of  the  ir  = .05 
no-shock  and  shock-wrong  groups,  that  although  the  difference  between 
"""=••  15  no-shock  and  shock-wrong  groups  was  consistent,  it  was  not 
significant,  and  that  the  difference  between  the  n » .1+0  no-shock  and 
shock-wrong  groups  was  negligible. 

To  evaluate  the  differences  between  the  no-shock  and  shock-wrong 
groups  with  regard  to  asymptotic  learning  performance,  the  number  of  A1 
responses  over  the  last  20  trials  of  Series  1 and  2 were  analyzed  by  a 
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series  of  t tests.  Tables  7 and  8 contain  the  mean  number  of  A1 
responses,  the  appropriate  variance  estimates  for  the  last  20  trials 
of  Series  1 and  2,  and  the  results  of  the  t tests  of  the  difference 
between  the  means  of  the  three  pairs  of  no -shock  and  shock-wrong 
groups.  These  tables  show  that  in  the  case  of  the  last  20  trials  of 
Series  2 there  was  a significant  difference  between  the  means  of  the 
w » .05  no-shock  and  shock-wrong  groups,  t * 2.43,  .05>p>  .01.  NO 
other  differences  between  means  of  the  no-shock  and  shock-wrong  groups 
were  significant.  In  general,  this  indicated  that  there  were  no  dif- 
ferences between  no-shock  and  shock-wrong  groups  chi  the  last  20  trials 
of  Series  1 and  2.  That  is,  the  no-shock  and  shock-wrong  groups  gener- 
ally approached  the  same  final  level  of  responding. 

In  view  of  the  prediction  of  the  Estes  theory  that  groups  ex- 
posed to  the  same  probability  schedules  should  reach  the  sane  final 
response  probability,  regardless  of  their  initial  tendencies,  it  was 
relevant  to  test  this  prediction.  The  test  was  accomplished  by  means 
of  an  analysis  of  variance  of  the  A1  response  data  for  the  last  20 
trials  of  Series  2.  In  this  analysis  the  effect  of  value  during 
Series  1 was  significant,  F = 8.03,  .01>p>.001.  The  effect  of  Shock 
and  the  interaction  of  shock  and  initial ir  value  were  not  significant, 

F - 3.4?,  and  F m 1.44  respectively.  Hie  fact  that  the  shock  and  the 
interaction  effects  were  not  significant  required  that  interpretation 
of  the  significant  difference  between  the  'lr  « .05  no-shock  and  shock- 
wrong  groups  for  the  last  20  trials  of  Series  2,  cited  shove,  be  limited 
because  of  the  increased  possibility  of  a Type  1 error  when  t tests  are 
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run  after  an  F test  showed  that  the  effect  was  not  significant.  A sum- 
mary of  this  analysis  is  shown  in  Table  9 in  the  Appendix. 

Analysis  of  Error  Data 

Estes  (9)  has  shown  that  the  expected  percentage  of  error  when 
S responds  in  accord  with  the  predictions  of  the  model  may  be  calculated 
as  follows 1 

(4)  Percentage  of  Errors  = 100  - ( n(Al)  x ir  - n(A2)  x (1  - T)) 
-or,  the  percentage  of  errors  expected  equals  100  wiring  the 
number  of  A1  responses  times  the  value  of plus  the  number  of 
A 2 responses  times  the  value  of  1 minus  the  value  of  ir. 

Equation  (4 ) was  used  to  calculate  the  theoretical  percentage  of 
errors  for  the  three  yr  values  of  Series  1 and  the  one  ^ value  of  Series 
2.  For  the  ir  ■ ,05,  .15,  and  .40  no-shock  groups  the  predicted  percen- 
tages of  errors  for  Series  1 were  7.25,  25.5,  and  48.0  respectively. 

The  observed  percentages  of  the  ^ = .05,  .15,  and  .40  groups  during 
Series  1 were  10. 5,  29*5,  and  47.0  respectively.  The  predicted  percen- 
tages of  errors  for  all  groups  during  Series  2 was  32,0  for  all  groups. 
The  observed  percentages  for  the  initial  = .05,  .15,  and  .40  groups 
were  39.5,  30.5,  and  42.5  respectively.  The  agreement  between  observed 
and  -theoretical  percentages  was  closer  in  Series  1 than  in  Series  2. 
However,  the  performances  of  the  three  no-3hock  groups  were  taken  as 
representative  of  the  outcomes  predicted  by  the  Estes  theory  and  were 
rased  as  a basis  for  comparison  with  the  data  of  the  shock-wrong  groups 
to  test  the  effects  of  shock  on  an  incorrect  prediction  on  the  number  of 
errors  made  during  Series  1 and  2.  The  general  agreement  of  the  data 


26 


of  the  no-shock  groups  with  the  predictions  of  the  Estes  theory  indi- 
cated that  the  Ss  in  these  groups  did  not  make  predictions  according  to 
some  method  which  permitted  them  to  satisfy  the  equations  for  predict- 
ing the  final  levels  of  A1  responding  while  at  the  same  time  making  an 
unusually  large  or  small  number  of  errors. 

Curves  representing  the  mean  percentage  of  errors  for  the 
17  « .05,  .15,  and  .40  no-shock,  shock-wrong,  and  for  the  » .05  and 
.15  groups,  tlie  noncontingent  shock-groups  for  blocks  of  20  trials  dur- 
ing Series  1 and  2 are  shown  in  Figures  4,  5*  and  6#  These  curves  show 

the  over -all  performances  and  the  differences  between  the  performances 

» * 

of  the  no-shock,  shock-wrong,  and  noncontingent -shock  groups  for  each 
of  the  7r  values. 

To  determine  whether  the  over -all  differences  between  the  per- 
formances of  the  no-shock  and  shock-wrong  groups  were  significant,  the 
error  data  for  trials  1 through  200  of  the  three  pairs  of  no-shock  and 
shock-wrong  groups  were  analyzed  by  means  of  a Mixed  Model,  Type  1 analy- 
sis of  variance  as  was  used  to  analyze  the  over-all  differences  of  the  A1 
response  data  above.  The  difference  between  the  yr  = .05  no-shock  and 
shock-wrong  groups  was  significant,  F « 8.54,  ,01>p>  .001.  The  dif- 
ferences between  the  ir  = .15  and  .40  no-shock  and  shock-wrong  groups 
were  not  significant,  F = 4,15  and  F » 0,04  respectively.  Summaries 
of  these  analyses  are  shown  in  Tables  ID,  11,  and  12  in  the  Appendix. 
These  analyses  indicated  that  there  was  a significant  difference  be- 
tween the  ir  » .05  no-shock  and  shock-wrong  groups,  that  the  difference 
between  the  » .15  no -shock  and  shock-wrong  groups  approached 


27 


Mean  Percentage  of  Errors 


28 


Mean  Percentage  of  Errors 


•1  I 

'I  I 

• I 

I I 


29 


Blocks  of  20  Trials 


Fig.  6.  Group  mean  percentage  of  errors  for  ¥ - »h0 
no-shock  (NS)  and  shock-wrong  (SW)  groups  for  blocks  of  20 
trials  during  Series  1 and  2. 
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significance,  and  that  the  difference  between  the  ir  ■ .40  no-shock  and 
shock -vrrong  groups  was  negligible. 

To  evaluate  the  differences  between  no-shock  and  shock-wrong 
groups  with  regard  to  asymptotic  percentages  of  errors,  the  nunfcer  of 
errors  made  over  the  last  20  trials  of  Series  1 and  2 were  analysed  by 
a series  of  t tests.  Tables  13  and  14  in  the  Appendix  contain  the  mean 
number  of  errors,  the  appropriate  variance  estimates  for  the  last  20 
trials  of  Series  1 and  2,  and  the  results  of  the  t tests  of  the  dif- 
ferences between  the  means  of  the  three  pairs  of  no-shock  and  shock- 
wrong  groups.  These  tables  show  that  in  the  case  of  the  7r  - .05  no- 
. shock  and  shock-wrong  groups  on  the  last  20  trials  of  Series  2,  there 
was  a significant  difference  between  mean  error  scores,  t = 2.12,  .05  > 
p > *01.  No  other  differences  between  means  of  no-shock  shock-wrong 
groups  were  significant.  Generally,  these  t tests  showed  that  shock 
after  an  incorrect  prediction  did  not  result  in  shocked  Ss  making  fewer 
errors  on  the  last  20  trials  of  Series  1 and  2 than  Ss  who  were  not 
shocked. 

To  test  the  prediction  of  the  Estes  theory  that  groups  which  re- 
ceive the  same  probability  schedules  will  make  equal  error  scores  after 
a number  of  trials,  regardless  of  their  initial  response  tendencies,  the 
error  data  were  analyzed  for  the  last  20  trials  of  Series  2.  An  analy- 
sis of  variance  of  these  error  data  revealed  that  there  was  a signifi- 
cant efjpsct  of  initial  w value,  F * 3.63,  ,05>p>  .01,  and  that  the  ef- 
fects of  shock  and  the  Interaction  of  shock  and  initial  Tr  value  were  not 
significant,  F = 3*36,  and  F ■ 1.19  respectively.  The  fact  that  the 
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shock  and  the  interaction  effects  were  not  significant  required  that 
the  interpretation  of  the  significant  difference  between  the  "Tr  = .05 
no-shock  and  shock-wrong  groups  for  the  last  20  trials  of  Series  2, 
cited  above,  be  limited  because  of  the  increased  possibility  of  a 
Type  1 error  when  t tests  are  run  after  an  F test  showed  that  the  ef- 
fect was  not  significant.  A summary  of  this  analysis  is  shown  in 
Table  15  in  the  Appendix.  It  was  noted  that  the  analysis  of  error 
data  paralleled  the  analysis  of  the  A1  response  data  in  all  respects. 

Analysis  of  the  Data  of  the  Noncontingent -Shock  Groups 

• ■ .*  J 4 

To  determine  whether  the  effects  of  shock  were  dependent  an  the 
shock  following  an  incorrect  prediction,  the  data  of  the  two  noncontin- 
gent-shock  groups  were  conq>ared  with  the  data  of  the  shock-wrong  groups. 
A summary  of  the  analysis  of  over-all  differences  between  the  'tr  « .05 
and  .15  shock-wrong  and  noncontingent-shock  groups  appears  in  Tables 
16  and  17  in  the  Appendix,  These  tables  show  that  there  was  a signi- 
ficant difference  between  the  "rr  = .05  shock -wrong  and  noncontingent 
shock  groups,  F = 11.15,  .01>p>  .001,  and  that  the  difference  between 
the  - .15  groups  was  not  significant,  F • 0.03.  The  results  of  these 
analyses  paralleled  the  analyses  of  the  no-shock  and  shock-wrong  groups 
and  indicated  that  the  noncontingent-shock  groups  for  » .05  gave  a 
performance  more  like  the  no -shock  than  the  shock-wrong  group. 

A comparison  of  the  shock -wrong  and  noncontingent -shock  group 
data  of  the  last  20  trials  of  Series  1 and  2 was  made  by  means  of  a 
series  of  jt  tests  of  the  differences  between  mean  number  of  errors 
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A1  responses.  The  results  of  these  t tests  are  shown  in  Table  18  in 
the  Appendix.  This  table  reveals  that  there  was  a significant  differ- 
ence between  the  mean  number  of  A1  responses  and  errors  for  the  "Ir  » .05 
shock-wrong  and  noncontingent -shock  groups  on  the  last  20  trials  of 
Series  2,  t = 3,k7,  .01>p>,001  for  A1  responses  and  t = 3.66, 
j01>p>  .001  for  errors . The  differences  between  the  - ,15  shock- 
wrong  and  noncontingent-shock  groups  were  not  significant.  The  dif- 
ferences obtained  in  the  case  of  the  - .05  groups  on  the  last  20 
trials  of  Series  2 paralleled  the  differences  found  between  the  no-shock 
and  shock-wrong  groups  and  indicated  that  the  noneont ingent -shock  group 
gave  a performance  more  like  the  no-shock  than  the  shock-wrong  group. 

V 

The  results  of  the  analyses  of  the  noneont ingent -shock  data 
generally  showed  that  the  differences  between  no-shock  and  shock-wrong 
groups,  where  such  differences  were  observed,  were  the  result  of  the 
contingency  of  shock  on  an  incorrect  prediction  and  were  not  produced 
by  the  nonspecific  effect  of  shock  alone. 

Analysis  of  the  Reaction  Latency  Data 

The  apparatus  recorded  the  onset  of  the  signal  light,  and  S's 
response  turned  off  the  light.  Thus  it  was  possible  to  measure  the 
length  of  the  time  the  signal  was  on,  or  the  time  it  took  £ to  react  to 
the  signal  light.  Although  the  statistical  association  theory  did  not 
provide  for  specific  predictions  with  regard  to  reaction  latency  in 
this  experimental  situation,  the  latency  data  were  studied  to  shed  more 
light  on  the  differences  found  between  the  various  no-shock  and  shock- 
wrong  groups.  Tables  19  and  20  in  the  Appendix  contain  the  results  of 
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the  t tests  of  the  differences  between  the  mean  reaction  latencies  of 
the  no -shock,  shock -wrong,  and  noncantingent-shock  groups  on  the  final 
trials  of  Series  1 and  2.  The  reaction  latency  for  each  S was  esti- 
mated frean  his  mean  latency  on  the  last  10  triads  of  both  series.  The 
tables  show  that  there  veie  no  significant  differences  between  the  means 
of  the  no-shock  and  shock-wrong  groups,  and  no  differences  between  the 
means  of  the  shock-wrong  and  noncontingent -shock  groups. 

In  addition  to  the  analysis  of  the  latency  data  presented  above, 
the  latency  of  each  S on  his  last  A1  response  of  Series  1 and  the  latency 
on  his  A2  responses  iuKiediately  preceding  the  last  A1  response  were 
measured.  These  data  were  summed  and  averaged  so  as  to  provide  a group 
mean  latency  for  the  final  A1  response  and  the  A2  response  immediately 
preceding  it  based  on  the  10  Ss  in  each  of  the  eight  groups  of  the  ex- 
periment. Hie  differences  between  the  mean  reaction  latency  of  the  A1 
and  the  A 2 response  were  tested  by  means  of  a series  of  t tests.  A sum- 
mary of  these  t tests  appears  in  Table  21  in  the  Appendix.  This  table 
shows  that  there  were  no  significant  differences  between  the  mean  reaction 
latency  on  the  last  A1  response  of  Series  1 as  compared  with  the  latency 
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on  the  A2  response  immediately  preceding  it.  It  was  hypothesised  that 
the  Ss  would  leam  that  the  EL  event  occurred  less  often  than  the  E2 
event,  and  that  they  would  be  more  likely  to  make  an  error  when  they 
predicted  an  El  event  by  making  an  A1  response.  Thus  it  was  expected 
that  there  would  be  a significant  difference  between  the  mean  reaction 
latency  on  an  A1  as  compared  with  an  A2  response  in  the  shock-wrong  but 
not  in  the  no -shock  groups.  It  was  expected  that  this  difference,  if 
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observed,  would  occur  in  Series  1 while  all  groups  were  receiving 
different  probability  schedules . This  hypothesis  was  rejected  on  the 
basis  of  the  gross  analysis  of  the  mean  reaction  latencies  and  the  analy- 
sis of  the  mean  reaction  latencies  on  the  final  A1  response  and  the  A2 
response  which  immediately  preceded  it. 

Suaaary  of  the  Analysis  of  All  Data 
Analysis  of  the  A1  response  and  error  data  gathered  in  this  ex- 
periment showed  that  in  general  the  effects  of  shock  after  an  incorrect 
prediction  resulted  in  significant  differences  in  the  case  of  the  ^ . .05 
no-shock  and  shock-wrong  groups,  but  not  in  the  case  of  the  ^ » .15  no- 
shock and  shock-wrong  groups,  where  there  were  nwai 1 and  consistent  dif- 
ferences, nor  in  the  case  of  the  ^ = .40  no-shock  and  shock-wrong  groups, 

where  the  differences  were  negligible.  The  analysis  of  the  data  of  the 
last  20  trials  of  Series  1 and  2 showed  that  only  in  the  case  of  the 
* *°5  no-shock  and  shock-wrong  groups  for  the  last  20  trials  of  Series 
2 were  there  significant  differences  and  these  had  to  be  cautiously  in- 
terpreted as  noted  above.  The  analysis  of  the  data  of  the  noncontingent - 
shock  groups  showed  that  the  effects  of  shock  after  an  incorrect  predic- 
tion, where  observed,  were  the  result  of  the  contingency  of  the  ghnfir  cm 
an  incorrect  prediction  and  not  the  general  effects  of  shock  alone.  The 
analysis  of  the  reaction  latency  data  showed  that  there  were  no  signifi- 
cant differences  between  no-shock  and  shock-wrong  groups  with  regard  to 
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CHAPTER  IV 


DISCUSSIOII 

The  most  striking  finding  of  this  experiment  was  the  effect  of 
shock  on  a wrong  response  as  revealed  in  the  analysis  of  variance  of  the 
over-all  performances  of  the  groups  given  the  different  probability 
schedules.  It  was  expected  that  shock  would  result  in  the  Ss  nwirtng 
their  predictions  so  as  to  avoid  the  possibility  of  shock  as  much  as 
possible.  To  do  this  they  would  have  hod  to  predict  the  more  frequent- 
ly occurring  event  on  all  trials.  Instead  of  doing  this,  many  Ss  con- 
tinued to  predict  the  less  frequently  occurring  event  from  time  to  time, 
in  spite  of  shock  after  an  incorrect  prediction. 

In  considering  various  possibilities  to  account  for  this  result 
it  was  seen  in  Figures  1,  2,  and  3 that  the  curves  of  the  'Tr  « .05  and 
.15  shock-wrong  groups  for  the  first  20  trials  were  below  the  no-shock 
curves.  This  suggested  that  the  differences  between  the  pairs  of  no- 
shock and  shock -wrong  groups  might  have  existed  prior  to  the  start  of 
the  experiment  due  to  sampling  biases.  To  check  this  possibility  the 
number  of  A1  responses  made  by  Ss  in  all  groups  on  the  four  practice 
trials  and  the  first  trial  of  the  main  experimental  run,  or,  all  trials 
before  any  S received  a shock,  were  compared  by  means  of  a series  of  t 
tests.  Table  22  in  the  Appendix  contains  the  results  of  these  t tests 
and  shows  that  there  were  no  significant  differences  in  number  of  A1 
responses  before  the  first  shock  was  given.  Thus  it  was  concluded  that 
the  initial  response  tendencies  of  the  groups  of  Ss  in  this  experiment 
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were  not  unequal  due  to  sampling  biases. 

Other  possible  sources  of  bias  were  also  considered.  Position 
preference  was  controlled  by  counterbalancing  the  position  of  El  and 
E2.  The  peculiarities  of  any  one  event  schedule  were  controlled  by 

■ « « 4 * • * i » . ! , ! »,  m ♦ C i.  ■ , « 

using  five  different  event  schedules  within  each  probability  group. 

And  the  possible  effects  of  intercommunication  among  Ss  already  run 
and  Ss  to-be -run  were  controlled  by  the  order  of  naming  the  various 
groups.  The  instructions  given  S did  not  suggest  that  he  could  not 
adopt  any  method  of  responding  which  insured  that  he  would  make  as  many 
correct  predictions  as  possible. 

Mention  of  the  assumptions  of  the  subject  as  he  came  to  the  ex- 
perimental room  to  serve  in  this  study  brings  up  an  important  point. 
Disregarding  the  effect  of  shock  momentarily,  the  general  attitudes  of  S 
will  be  considered.  It  was  expected  that  S would  read  the  instructions 
and  then  try  to  make  as  many  correct  predictions  as  possible.  It  was 
expected  that  Ss  who  received  shock  would  learn  to  maximize  the  ac- 
curacy of  their  predictions.  It  was  not  expected  that  S would  master 
the  task,  which  In  fact  had  been  devised  to  prevent  mastery.  However, 
if  S interpreted  his  instructions  as  meaning  that  he  should  learn  to 
make  100  per  cent  correct  predictions,  it  is  likely  that  he  would  have 
kept  trying  to  out-guess  the  random  sequence  although  the  less  fre- 
quently occurring  event  seldom  occurred  and  the  likelihood  of  error 
associated  with  its  prediction  was  great.  If  S was  trying  to  master 
the  problem,  and  the  comments  of  many  Ss  indicated  that  this  was  the 
case,  then  the  data  of  this  experiment  may  be  viewed  as  the  outcome  of 
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Ss  trying  but  failing  to  master  a difficult  problem.  This  view  of  the 
data  is  not  that  taken  by  the  Estes  theory,  which  holds  that  the  proba- 
bility matching  law  describes  an  automatic  or  unconditioned  type  of 
associative  learning  phenomenon. 

Now,  supposing  that  the  above  analysis  of  S's  attitude  is  cor- 
rect and  that  he  interpreted  the  instructions  to  mean  that  he  must  learn 
to  predict  correctly  100  per  cent  of  the  time,  what  effects  would  the 
various  probability  schedules  have  had  on  his  behavior,  particularly 
with  respect  to  errors  since  it  was  reasonable  to  assume  that  if  S tried 
to  be  correct  he  also  tried  to  avoid  errors? 

Probably  the  Ss  given  the  'rr  = ,1*0  schedules  found  it  difficult 
to  disregard  the  events  occurring  less  frequently  on  one  side  in  favor 
of  predicting  the  mare  frequently  occurring  events  on  all  trials.  To 
do  so  would  involve  acceptance  of  a considerable  number  of  errors,  and 
it  was  assumed  that  an  S trying  to  attain  100  per  cent  accuracy  would 
not  be  able  to  disregard  40  per  cent  errors  and  predict  the  more  fre- 
quently occurring  event  on  all  trials. 

In  the  case  of  the  Ss  given  the  'TT  » .15  schedules  it  might  have 
been  possible  to  disregard  the  less  frequently  occurring  events  on  one 
side  by  concentrating  on  the  more  frequently  occurring  events  on  the 
other  side.  In  such  a case  100  per  cent  mastery  could  be  approached, 
but  not  very  closely. 

For  the  Ss  given  the  ^ = .05  schedules,  according  to  the  hy- 
pothesis developed  here,  it  should  have  been  much  easier  to  disregard 
the  less  frequently  occurring  events  on  one  side  in  favor  of  the  near- 
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perfect  accuracy  yielded  by  predicting  the  more  frequently  occurring 
event  on  all  trials.  These  Ss  were  not  constantly  reminded  that  they 
were  not  predicting  correctly  100  per  cent  of  the  time  when  they  pre- 
dicted the  more  frequently  occurring  event  an  all  trials. 

Thus  far  it  has  been  suggested  that  S was  trying  to  achieve 
nastery  of  the  problem  given  him  and  that  in  view  of  this  attitude  he 
would  be  less  likely  to  predict  the  more  frequently  occurring  event 
on  all  trials  the  nearer  the  probability  of  occurrence  of  that  event 
approached  .50.  Expressed  differently  this  hypothesis  would  say  that 
Ss  predicting  the  occurrence  of  uncertain  events  would  reach  a level 
of  responding  which  depended  on  the  number  of  errors  resulting  from  the 
behavior  that  they  adopted. 

This  hypothesis  was  the  result  of  a trial-by-trial  study  of  the 
records  of  all  Ss  who  predicted  the  occurrence  of  the  more  frequently 
occurring  event  on  all  of  Hie  last  20  trials  of  Series  1,  These  re- 
cords showed  that  the  Ss  may  have  learned  not  to  react  to  the  less  fre- 
quently occurring  event  because  the  number  of  errors  resulting  from 
predicting  the  more  frequently  occurring  event  on  all  trials  did  not 
involve  making  more  errors  than  they  could  disregard  in  their  attempt 
to  achieve  100  per  cent  accuracy. 

As  was  expected  chi  the  basis  of  the  above  discussion,  there  were 
more  Ss  in  the  three  ir  . .05  groups  (18)  than  in  the  other  groups  who 
predicted  the  more  frequently  occurring  event  on  all  of  the  last  20 
trials  of  Series  1.  These  Ss  made  fewer  A1  responses  during  Series  2 
than  the  other  Ss  in  their  respective  groups,  indicating  that  the  learn- 
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ing  transferred  when  the  probability  schedule  changed.  There  were  four 
Ss  in  the  7r  « .15  groups  who  predicted  the  more  frequently  occurring 
event  on  all  of  the  last  20  trials  of  Series  1.  These  Ss  all  made 
fewer  A1  responses  during  Series  2 when  the  probability  schedule 
changed  than  the  other  Ss  of  their  respective  groups.  This  outcome 
would  have  been  expected  according  to  the  hypothesis  suggested  above. 

Bone  of  the  Ss  in  the  ‘rr  =•  tk0  groups  predicted  the  more  frequently  oc- 
curring event  on  all  of  the  20  trials  of  Series  1,  a result  also  in 
accord  with  the  foregoing  analysis. 

Turning  now  to  the  differences  between  groups  as  a result  of 
shock  on  an  incorrect  response,  the  data  suggest  that  shock  had  the 
effect  of  decreasing  Ss  attempt  to  attain  100  per  cent  mastery  of  the 
problem.  This  was  not  a simple  and  direct  effect,  however,  but  on  the 
other  hand  it  interacted  with  Ss  attempt  to  attain  mastery.  That  is, 
the  effect  of  shock  was  different  for  the  different  probability  schedules 
used.  The  data  indicated  that  the  general  over-all  effect  of  shock  was 
significant  in  the  case  of  the  ‘Ir  • .05  groups.  These  groups  received 
the  probability  schedules  which  the  above  hypothesis  predicted  would 
lead  to  3b  predicting  the  more  frequently  occurring  event  with  least 
difficulty.  Thus,  where  S was  most  likely  to  predict  the  more  fre- 
quently" occurring  event  on  all  trials,  shock  was  seen  as  having  the 
greatest  effect.  That  is,  if  S,  by  virtue  of  the  probability  schedule 
given  him,  was  likely  to  adopt  a given  method  of  responding,  shock 
served  to  increase  his  tendency  to  adopt  that  method.  In  the  case  of 
the  « .15  groups  this  trend  was  observed  again,  as  the  differences 


between  no-shock  and  shock-wrong  groups,  while  of  some  size  and  consis- 
tency, were  not  significant,  and  the  number  of  Ss  who  predicted  the  more 
frequently  occurring  event  on  all  of  the  last  20  trials  of  Series  1 was 
small  in  relation  to  the  number  who  adopted  the  same  method  of 
responding  in  the  various  ^ «=  .15  groups.  Here  S was  expected  to  pre- 
dict the  more  frequently  occurring  event  less  often  than  in  the  ir  * ,05 
groups  and  the  shock  was  evnected  to  have  less  effect,  presumably  due  to 
the  greater  likelihood  of  S being  less  able  to  disregard  the  less  fre- 
quently occurring  event.  With  the  T a .40  groups  there  was  no  effect 
of  shock  observed,  nor  was  such  an  effect  expected  according  to  the 
hypothesis  outlined  above  due  to  the  fact  that  S would  not  be  able  to 
disregard  the  less  frequently  occurring  event  if,  as  was  assumed,  he 
was  attempting  to  master  the  problem* 

It  was  noted  above  that  the  data  of  this  study  could  be  viewed 
as  the  result  of  an  attempt  by  S to  achieve  100  per  cent  accuracy  in  a 
very  difficult  problem  rather  than  as  an  automatic  or  unconditioned 
learning  phenomenon.  It  is  suggested  that  the  view  of  the  Estes  theory 
considers  the  data  of  this  and  similar  experiments  more  from  an  over-all 
point  of  view  than  has  been  outlined  above.  The  attempt  has  been  made 
to  sketch  this  hypothesis  from  a more  analytic  and  explanatory  point  of 
view.  What  the  statistical  association  theory  regards  as  the  outcome 
of  association  of  stimulus  elements  on  successive  trials  has  been  re- 
garded here  as  the  attempt  by  a human  subject  to  master  a very  diffi- 
cult problem,  with  his  final  performance  dependent  on  the  probability 
of  the  occurrence  of  the  alternative  events  and  the  consequences 
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contingent  on  an  incorrect  response. 

If  the  interpretation  offered  above  were  generalized  suffi- 
ciently it  would  take  the  form  of  the  well-known  minima*  loss  principle 
of  game  theory,  as  it  was  presented  by  Biwards  (4),  in  previous  dis- 
cussions of  the  probability  matching  phenomenon  the  prediction  that  Ss 
will  learn  to  predict  the  more  frequently  occurring  event  on  ai i trials 
has  been  derived  from  game  theory.  It  is  suggested  that  this  interpre- 
tation does  not  take  into  account  the  assumptions  of  game  theory  which 
require  that  3 be  completely  informed  and  infinitely  sensitive.  These 
assumptions  are  not  met  in  the  Estes -type  situation.  Furthermore,  this 
simple  interpretation  of  strategy  does  not  take  into  account  the  initial 
attitude  of  S toward  his  task.  When  S's  initial  attitude,  as  it  was 
hypothesized  above,  is  taken  into  account,  the  present  hypothesis  could 
be  seen  as  S*s  response  to  the  Este3  situation  which  minimizes  the  maxi- 
mum loss,  psychologically,  since  there  were  no  economic  aspects  involved. 
The  maximum  loss  would  relate  to  the  tolerance  of  S to  accept  error  in 
order  to  achieve  the  desired  mastery  or  partial  mastery  of  the  problem. 

To  minimize  the  maximum  psychological  loss,  S would  disregard  the  less 
frequencly  occurring  events  with  increasing  ease  as  the  probability  of 
occurrence  of  those  events  decreases  from  .50  to  .00. 

A hypothesis  which  makes  use  of  such  explanatory  concepts  as 
strategy,  set,  attitude,  assumptions , and  so  forth,  violates  the  letter 
if  not  the  spirit  of  the  strict  stimulus -response  relationships  speci- 
fi®^  i^  the  statistical  association  theory  of  learning  and  its  accompany- 
ing mathematical  model.  The  use  of  such  hypothetical  constructs,  as 


opposed  to  the  intervening  variables  of  the  theory  may  not  be  justified 
an  the  strength  of  the  data  of  this  experiment  alone.  But,  Just  as 
there  is  no  parsimony  involved  in  supposing  that  the  attitudes,  sets, 
strategies,  and  assumptions  of  human  Ss  in  a situation  such  as  was 
used  in  this  study  affect  their  performance,  neither  is  there  reason 
to  suppose  that  the  attitudes,  sets,  strategies,  and  assumptions,  which 
there  is  every  reason  to  expect  do  exist  in  human  Ss,  do  not  affect 
their  performance*  At  any  rate  the  hypothesis  proposed  above  assumes 
that  what  was  learned  by  the  Ss  in  this  experiment  was  a new  set  or 
attitude  toward  the  problem  in  the  case  of  the  ^ - .05  shock-wrong 
groups  and  to  a lesser  degree  in  the  case  of  the  ^ » .15  shock-wrong 
groups. 

Since  Idle  hypothesis  was  based  on  the  data  of  this  study  and 
was  designed  specifically  to  account  for  the  results  of  experiments 
using  the  Estes-type  situation,  no  attempt  will  be  made  to  demonstrate 
the  applicability  of  its  predictions  to  other  data.  It  was  offered  as 
on  analytical  and  explanatory  hypothesis  to  provide  a basis  for  further 
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CHAPTER  V 


SUMMARY  AMD  COMCLUSIOHS 

The  effects  of  a mild  electrical  shock  on  the  prediction  of 
uncertain  alternative  events  were  studied  in  this  experiment  in  rela- 
tion to  the  statistical  association  theory  of  learning  and  the  law  of 
effect.  A situation  was  provided  in  which  human  Ss  were  required  to 
predict  which  of  two  alternative  events  would  occur  following  a ready 
signal.  The  final  level  of  responding  and  the  total  performance  with 
respect  to  nuntoer  of  A1  responses  and  errors  were  analyzed  in  terms  of 
the  predicted  outcomes  of  the  two  opposed  theories. 

Eighty  college  students  were  run  in  an  individual  modification 
of  the  standard  verbal  conditioning  situation  used  recently  by  Estes 
and  others.  Each  trial  consisted  Of  a signal  light  which  came  an  and 
stayed  on  until  S made  a prediction  by  moving  a switch  lever  to  the 
right  or  the  left  as  to  which  of  two  event  lights  would  come  on.  For 
each  S one  event  light  was  selected  as  El  according  to  a counterbal- 
laneed  schedule,  the  other  as  E2.  On  the  first  120  trials  El  occurred 
randomly  and  with  the  probabilities  of  .05,  .15,  and  .40  for  different 
groups.  On  a second  series  of  80  trials,  El  occurred  randomly  and  with 
the  probability  of  .20.  Ten  Ss  in  each  of  the  probability  categories 
served  as  experimental  groups  and  were  given  a mild  shock  following  all 
incorrect  predictions.  Ten  Ss  in  each  of  the  probability  categories 
served  as  control  groups  and  were  not  shocked  on  an  incorrect  predic- 
tion. Two  additional  groups  of  10  Ss  each  were  run  in  the  .05  and  .15 


probability  categories  and  served  as  control  groups  to  test  the  effects 
of  the  contingency  of  shock  on  an  incorrect  prediction.  These  Ss  were 
shocked  exactly  as  the  Se  in  the  shock-wrong  groups,  but  without  regard 
to  the  correctness  or  incorrectness  of  the  prediction  which  the  shock 
followed. 

Theoretical  predictions  as  to  the  final  number  of  A1  responses 
and  the  asymptotic  number  of  errors  were  generated  from  the  statistical 
association  theory  and  were  tested  against  predictions  based  on  the  law 
of  effect.  The  data  in  general  supported  the  predictions  based  an  the 
statistical  association  theory  with  regard  to  the  final  level  of  A1 
responding  and  the  final  number  of  errors.  Only  in  the  case  of  the 
ir  * .05  no-shock  and  shock-wrong  groups  on  the  last  20  trials  of  Series 
2 were  the  differences  between  mean  number  of  A1  responses  and 
number  of  errors  significant. 

Tests  of  the  over-all  differences  between  the  no-shock 
shock-wrong  groups  showed  that  the  ^ * .05  groups  differed  significantly, 
that  the  ir  * .15  groups  differed  slightly  and  consistently  but  not  sig- 
nificantly, and  that  the  ^ * .ho  groups  did  not  differ  significantly. 

This  finding  led  to  the  development  of  a hypothesis  which  suggested 
that  the  effects  of  shock  increased  as  the  probability  of  occurrence  of 
the  event  predicted  decreased  from  .50  to  .00,  and  that  the  effects  of 
shock  were  not  sufficiently  great  to  cause  the  asymptotic  performance 
of  the  no-shock  and  shock-wrong  groups  to  differ. 

The  analysis  of  the  differences  between  the  performances  of  the 
shock-wrong  and  the  noncontingent-shock  groups  indicated  that  where  the 
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no-shock  and  shock-wrong  groups  differed,  the  difference  was  the  result 
of  the  shock  following  an  incorrect  prediction  ratiier  than  the  result  of 
the  shock  alone. 

An  analysis  of  the  reaction  latency  failed  to  reveal  any  dif- 
ferences between  mean  reaction  latency  for  the  various  no -shock  and 
shock -wrong,  and  shock-wrong  and  noncoat  ingent  - shock  groups  on  the  final 
10  trials  of  Series  1 and  2.  A more  detailed  analysis  of  reaction  laten- 
cies on  A1  and  A2  responses  also  failed  to  reveal  any  differences  between 
no-shock  and  shock -wrong  groups . 

The  following  specific  conclusions  were  drawn  from  the  results 
of  the  analyses  of  this  experiment: 

1*  The  final  learning  performance  of  Ss  who  predicted  the  oc- 
currence of  uncertain  events  and  who  were  shocked  after  an  incorrect 
prediction  did  not  differ  from  the  performances  of  Ss  who  were  not 
shocked,  with  certain  exceptions  as  cited  above. 

2.  Such  differences  as  were  observed  between  no-shock  and  shock- 
wrong  Ss  were  the  result  of  the  shock  following  an  incorrect  prediction 
and  net  the  result  of  shock  alone. 

3.  These  final  learning  performances  agreed  in  substance  with 
the  predictions  derived  from  the  statistical  association  theory  of  learn- 
ing, both  with  respect  to  A1  responses  and  errors,  with  certain  excep- 
tions as  noted  above. 

4*  The  over -all  effects  of  shock  on  the  performances  of  the  Ss 
were  found  to  be  related  to  the  probability  of  occurrence  of  the  event 
predicted.  The  data  suggested  that  the  effects  of  shock  increased  as 
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the  probability  of  the  predicted  event  decreased  from  .50  to  .00. 

5.  The  generality  of  the  statistical  association  theory  of 
learning  could  not  be  extended  without  seme  modification  to  situations 
such  as  were  used  in  this  study  where  a risk  was  involved  in  the 
prediction  of  the  uncertain  events. 
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TABLE  2 

Record  of  Number  of  A1  Responses  and  Errors  for  Blocks  of  20  Trials 
for  the  21  Ss  Eliminated  Because  They  Received  Uncontrolled  Shock 

Blocks  of  20  Trials 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

V » 

.05  shock-wrong  group,  A1  Responses 

ESI 

5 

6 

4 

2 

2 

0 

2 

3 

3 

4 

ES2 

5 

0 

0 

2 

1 

0 

0 

2 

0 

0 

ES3 

12 

9 

9 

7 

7 

6 

6 

6 

4 

7 

ES4 

8 

3 

2 

0 

0 

1 

2 

6 

2 

3 

ES5 

4 

2 

0 

0 

0 

0 

0 

2 

0 

0 

ES6 

7 

2 

1 

0 

2 

0 

0 

5 

1 

5 

ES7 

5 

2 

0 

1 

1 

1 

0 

4 

5 

7 

ES8 

10 

2 

0 

0 

0 

0 

0 

0 

4 

2 

ES9 

7 

4 

2 

0 

1 

0 

2 

1 

4 

4 

ES10 

5 

3 

1 

1 

0 

1 

0 

3 

1 

2 

"TT 

St 

.15  shock-wrong  group. 

A1  Responses 

ES11 

8 

13 

7 

8 

7 

8 

3 

7 

2 

4 

ES12 

13 

7 

1 

5 

6 

5 

4 

2 

2 

0 

ES13 

5 

4 

3 

2 

4 

1 

0 

0 

3 

2 

ESl4 

6 

3 

3 

3 

1 

1 

0 

1 

1 

6 

ES15 

5 

7 

4 

10 

5 

6 

5 

7 

3 

8 

ES16 

7 

1 

0 

3 

0 

2 

3 

3 

0 

4 

ES17 

10 

3 

1 

2 

0 

3 

3 

3 

3 

2 

ES18 

n 

8 

2 

5 

4 

2 

0 

1 

4 

1 

ES19 

12 

3 

2 

2 

4 

1 

2 

2 

8 

2 

ES20 

n 

8 

2 

3 

0 

0 

0 

0 

0 

1 

. 

,40  shock-wrong  group,  A1  Responses 

ES21 

n 

3 

13 

10 

6 

7 

3 

5 

1 

4 

52 


TABLE  2 (continued) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ESI 

4 

^ = 

7 

.05  shock-wrong  group,, 
4 2 3 1 

errors 

3 

7 

5 

11 

ES2 

6 

0 

1 

3 

3 

1 

3 

7 

3 

5 

ES3 

14 

9 

8 

6 

8 

7 

9 

8 

6 

8 

ES4 

7 

4 

3 

1 

0 

3 

5 

9 

4 

5 

ES5 

4 

3 

1 

2 

0 

1 

4 

6 

2 

6 

ES6 

8 

3 

3 

0 

3 

1 

3 

9 

4 

11 

ES7 

6 

2 

1 

2 

3 

2 

3 

8 

6 

8 

ESS 

10 

2 

1 

1 

1 

1 

3 

2 

10 

7 

ES9 

8 

5 

3 

1 

1 

2 

4 

8 

6 

2 

ES10 

6 

4 

2 

3 

0 

2 

4 

7 

3 

8 

ES11 

7 

ir  _ 

13 

.15  shock-wrong  group,  errors 

89784 

9 

3 

10 

ES12 

8 

8 

3 

4 

9 

9 

6 

7 

4 

5 

ES13 

9 

5 

4 

4 

5 

2 

3 

2 

9 

5 

ESl4 

6 

4 

5 

6 

4 

3 

3 

6 

3 

4 

ES15 

9 

8 

5 

11 

5 

7 

7 

9 

3 

12 

ES16 

10 

3 

5 

6 

2 

6 

2 

7 

3 

9 

ES17 

13 

4 

3 

3 

2 

5 

2 

8 

6 

5 

ES18 

11 

9 

3 

9 

9 

3 

3 

3 

8 

6 

ES19 

11 

4 

4 

6 

7 

5 

5 

9 

6 

4 

ES20 

10 

9 

3 

2 

2 

3 

4 

4 

2 

5 

ES21 

12 

5 

.^..ffock-OTODg  g 

11  9 10 

£g£Bi. 

11 

errors 

4 

7 

4 

10 
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TABLE  3 

A1  Responses  and  Errors  of  Two  Original,  Two  Replacement,  and  Nine 
Other  Original  Ss  for  ^ a .05  and  .15  No -Shock  Groups 
Blocks  of  20  Trials 


I23456789IO 


o ,05,  A1  Responses 

Original  S 
Replacement  S 
X Other  Original  Ss 


14  12  8 9 10 

10  0 2 1 0 
6.4  3.3  1.8  1.7  1.1 


7 9 4 10  9 

0 114  6 

1.2  1.3  2.3  2.5  3.9 


= .05,  Errors 

Original  S 
Replacement  S 
X Other  Original  Ss 


12  12  9 10  9 

12  0 3 2 1 

7.1  3.8  2.9  2.6  1.8 


8 10  6 10  10 

1 4 3 8 11 

2.2  4.3  6.4  4.3  7.6 


^ g .15,  A1  Responses 

Original  S 
Replacement  S 
X Other  Original  Ss 

^ g .15,  Errors 

Original  S 
Replacement  S 
Other  Original  Ss 


12  13  11  11  11 
63232 
11.3  6.7  3.9  3.6  3.6 


6 9 13  7 9 

653^2 
2.9  1.9  3.3  3.^  3.2 


8 16  5 9 

8 8 8 4 

4.7  6.6  5.2  6.3 


11  12  9 10  12  8 

7 4 4 6 5 10 

9.^  7.9  5.0  5.9  6.1  5.^ 


TABLE  4 


Analysis  of  Variance  of  A1  Responses  on  Trials  1 Through  200 

Taken  in  Blocks  of  20 


Source 

df 

Mean  Square 

F 

T=  .05  No-Shock  and  Shock-Wrong  Groups 

Between  Ss 
Shock 
Error  (b) 

19 

1 

10 

67.28 

10.65 

6.37*1  (5.14*)2 

Within  Ss 
Trials  ~ 

Shock  X Trials 
Error  (w) 

l8o 

9 

9 

162 

50.22 

1.65 

2.69 

I8.67***  (16.51***) 
0.6l  (0.43) 

TABLE  5 

Analysis  of  Variance  of  A1  Responses  on  Trials  1 Borough  200 

Taken  in  Blocks  of  20 

Source 

df 

Mean  Square 

F 

ir  * .15  No-Shock  and  Shock-Wrong  Groups 

Between  Ss 
Shock  ~ 
Error  (b) 

19 

1 

18 

34.45 

15.83 

2.18  (3.42) 

Within  Ss 
Trials 

Shock  X Trials 
Error  (w) 

180 

9 

9 

162 

IO8.33 

1.98 

3.84 

28.21***  (28.95***) 
0.52  (0.51) 

1 * indicates  significant  at  the  .05  level,  **  indicates  signifi- 
cant at  the  .01  level,  and  ***  indicates  significant  at  the  .001  level. 


^Values  in  parentheses  are  those  Obtained  with  the  two  original 
Ss  included  in  the  data. 
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sable;  6 

Analysis  of  Variance  of  A1  Responses  on  Trials  1 Tarough  200 

Taken  in  Blocks  of  20 


Source 

df 

Mean  Scjuare 

F 

« .40  Mo-Shock  and  Shock-Wrong  Groups 


Between  Ss 

19 

Shock 

1 

1.81 

0.06 

Error  (b) 

18 

27.87 

Within  Ss 

180 

Trials  “ 

9 

64.31 

10.77*** 

Shock  X Trials 

9 

6.35 

1.06 

Error  (w) 

162 

5.97 

TABLE  7 

Results  of  t Tests  of  Differences  Between  Mean  Number  of  A1 
Responses  on  Last  20  Trials  of  Series  1 


No-Shock  Shock -Wrong  t NS  vs.  SW 


No-Shock  and  Shock-Wrong  Groups 


X 

1.10 

0.30 

.05 

s2 

2.54 

0.23 

£ 

3.20 

2.20 

.15 

s2 

6.84 

2.62 

X 

7.50 

8.80 

.40 

s2 

8.50 

5.51 

1.15(1.95) 

1.03 


1.09 
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TABLE  8 

Results  of  t Tests  of  Differences  Between  Mean  Number  of  A1 
Responses  on  Last  20  Trials  of  Series  2 


No -Shock 

Shock-Wrong 

t NS  vs.  sw 

No -Shock  and  Shock-Wrong 

Groups 

X 

4,io 

l.6o 

.05 

o 

8.77 

2.43  *(2.44  *) 

s2 

1.82 

' 

X 

3.10 

3.20 

ir»  .15 

2 

6.54 

4.18 

0.58(0.51) 

S 

X 

6.20 

5.10 

o 

-d- 

» 

B 

* 

S2 

0.93 

10.40 

3.66 

TABLE  9 

Analysis  of  Variance  of  A1  Responses  for  the  Last  20  Trials  of  Series  2 


Source 

df 

Mean  Square 

F 

Shock 

1 

20.42 

3.47  (4,97*) 

■"■Value 

2 

47.27 

8.03  **(5.84**) 

Shock  X ir  Value 

2 

8.47 

1.44  (0.99) 

Error 

54 

5.89 
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TABLE  10 

Analysis  of  Variance  of  Errors  on  Trials  1 Through  200  Taken 

in  Blocks  of  20 


Source 

df 

Mean  Square 

F 

"FT 

S3 

.05  No-Shock  and  Shock-Wrong 

Grouns 

Between  Ss 
Shock 
Error  (b) 

19 

1 

18 

» 

53.05 

6.1k 

8.64** 

Within  Ss 
Trials  ~ 

Shock  X Trials 
Error  (w) 

180 

9 

9 

162 

82.89 

1.78 

3.85 

21.53  *** 
0.46 

TABLE  11 

Analysis  of  Variance  of  Errors  on  Trials  1 Through  200  Taken 

in  Blocks  of  20 

Source 

df 

Mean  Square 

F 

i r 

.15  No -Shock  and  Shock- Wrong 

Groups 

Between  Ss 
Shock  ~ 
Error  (b) 

19 

1 

18 

28.13 
6.7 6 

4.16 

Within  Ss 
Trials  ~ 

Shock  X Trials 
Error  (v) 

180 

9 

9 

162 

37.18 

1.21 

4.66 

7.99  ** 
0.26 
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TABLE  12 

Over-all  Analysis  of  Variance  of  Errors  on  Trials  1 Through  200 

Taken  in  Blocks  of  20 


Soiree 

df 

Mean  Square 

F 

^ . 4-0  Ho-Shock  and  Shock-Wrong  Groups 


Between  Ss 

19 

Shock 

1 

0.32  0.04 

Error  (b) 

18 

7.21 

Within  Ss 

180 

Trials 

9 

23.18  3.80 

Shock  X Trials 

9 

3.89  0.64 

Error  (v) 

162 

6.10 

TABLE  13 

Results  of  t 

Tests  of  Differences  Between  Mean  Humber  of  Errors  on 

Last  20  Trials  of  Series  1 

No-Shock 

Shock-Wrong 

t,  NS  VS.  SW 

No-Shock  and  Shock-Wrong  Groups 

X 

2.10 

1. 50 

w = .05 

0.82 

tf 

s2 

2.54 

0.28 

X 

5.90 

4.40 

*.15 

s2 

7.88 

2.04 

1.56 

X 

9.4o 

9.00 

Tr  » .40 

0.34 

s2 

6.71 

0.71 
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TABLE  14 

Results  of  t Tests  of  Differences  Between  Mean  Number  of  Errors 
on  Last  20  Trials  of  Series  2 


No -Shock 

Shock-Wrong 

t,  NS  vs . SW 

No-Shock  and  Shock -Wrong  Groups 

X 

7.90 

5.50 

T = .05 

s2 

7.55 

5.17 

2.12* 

X 

6.10 

6.00 

= .15 

2 

3.88 

0.09 

7.33 

X 

8.50 

7.60 

.4o 

0 

0.89 

8.50 

1.82 

TABLE  15 

Analysis  of  Variance  of  Errors  for  the  Last  20  Trials  of  Series  2 


Source 

df 

Mean  Square 

F 

Shock 

1 

19.27 

3.36 

w Value 

2 

20.82 

3.63  * 

Shock  X Value 

2 

6.82 

1.19 

Error 

54 

5.73 

6o 


TABLE  16 

Analysis  of  Variance  of  A1  Responses  on  Trials  1 Through  200 

Token  in  Blocks  of  20 


Source 

df 

Mean  Square 

F 

TT 

» , 

.05  Shock-Wrong  and  Noncontingent-Shock  Groups 

Between  Ss 

19 

Shock 

1 

126.41 

11.15  ** 

Error  (b) 

18 

11.34 

Within  Ss 

180 

Trials 

9 

43.46 

8.74  *** 

Shock  X Trials 

9 

4.97 

2.05  * 

Error  (w) 

162 

2.43 

TABLE  17 

Over-all  Analysis  of  Variance  of  A1  Responses  on  Trials  1 Through  200 

Taken  in  Blocks  of  20 


Soiree 

df 

Mean  Square 

F 

TT_ 

.15  Shock-Wrong  and  Noncontingent-Shock  Groups 

Between  Ss 

19 

Shock 

1 

0.4l 

0.03 

Error  (b) 

18 

11.75 

Within  Ss 

180 

Trials 

9 

102.21 

24.75  *** 

Shock  X Trials 

9 

2.07 

0.50 

Error  (v) 

162 

4.13 

6l 


TABLE  IS 

Results  of  the  t Tests  of  the  Differences  Between  Mean  A1  Response 
and  Error  Scores  for  the  Last  20  Trials  of  Series  1 and  2 


Trials  101-120  Trials  181-200 


Shock-Wrong  and  Noncontingent -Shock  Groups 


Tr  = .03,  A1  Responses 

t » 1.46 

3.47  ** 

» .05,  Errors 

1.25 

3.66  ** 

= *13,  A1  Responses 

0.30 

0.65 

ir  * • 15 , Errors 

0.30 

0.40 

TABLE  19 

Results  of  t Tests  of  the  Differences  Between  Mean  Reaction  Latency 
on  the  Last  10  Trials  of  Series  1 

No-Shock  vs. 
Shock-Wrong 

Shock-Wrong  vs. 
Noncont ingent -Shock 

All  Groups 

.05 

t » 0.01 

0.68 

^ * .15 

1.30 

1.05 

* * .40 

0.33 
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TABLE  20 

Results  of  t Tests  of  the  Differences  Between  Mean  Reaction  Latency 
on  the  Last  10  Trials  of  Series  2 


No -Shock  vs. 
Shock-Wrong 

Shock-Wrong  vs. 
Noncontingent -Shock 

All  Groups 

in 

O 

• 

» 

4 

t =a  O.56 

0.53 

ir-  .15 

0.26 

1.28 

ir-  .40 

0.08 

TABLE  21 

Results  of  t Tests  of  the  Differences  Between  Mean  Reaction  Latency 
on  the  Last  A1  Response  and  the  Immediately  Previous  A2  Response 

No-Shock  Shock-Wrong 

Noncontingent -Shock 

All  Groups 

ir  * .05  t » 0.03  0.16  0.06 

w • .15  0.00  0.22  0.15 

.40 


0.07 


0.05 
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TABLE  22 

Results  of  t Tests  of  the  Differences  Between  Mean  Nunfoer  of  A1  Responses 
on  the  Four  Practice  Trials  and  First  Trial 


No -Shock  vs. 
Shock -Wrong 

Shock-Wrong  vs. 
Noncontingent -Shock 

All  Groups 

.05 

t - 0.52 

1.40 

Tr«  .15 

1.64 

0.00 

rr « .4o 

0.97 
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TABLE  23 

Record  of  the  Number  of  A1  Responses  for  Blochs  of  20  Trials 

for  All  Ss 
Blocks  of  20  Trials 


I23U5678910 


» jg 

.05,  No-Shock 

SI 

6 

k 

4 

3 

1 

1 

1 

3 

1 

8 

S2 

3 

2 

0 

0 

0 

0 

0 

1 

0 

1 

S3 

10 

7 

3 

4 

2 

2 

1 

0 

7 

7 

s4 

10 

0 

1 

0 

1 

0 

1 

0 

3 

4 

35 

k 

1 

0 

1 

0 

0 

0 

2 

1 

0 

s 6 

6 

3 

1 

3 

1 

2 

1 

4 

2 

8 

S7 

9 

5 

5 

3 

4 

5 

0 

1 

3 

2 

S8 

10 

0 

1 

2 

0 

0 

1 

1 

4 

6 

S9 

7 

4 

2 

0 

1 

1 

7 

5 

5 

2 

S10 

3 

4 

0 

1 

0 

0 

1 

5 

1 

3 

.15,  No-Shock 

Sll 

12 

4 

5 

3 

3 

5 

3 

3 

3 

9 

S12 

12 

11 

5 

8 

10 

8 

5 

4 

7 

5 

S13 

9 

9 

3 

1 

4 

1 

2 

1 

4 

1 

si4 

10 

6 

3 

4 

5 

3 

3 

6 

5 

1 

S15 

13 

7 

2 

3 

1 

3 

1 

5 

3 

2 

S16 

11 

6 

5 

5 

2 

0 

1 

5 

0 

5 

S17 

11 

6 

5 

2 

0 

0 

1 

3 

2 

1 

S18 

12 

7 

5 

3 

4 

2 

1 

1 

5 

3 

S19 

6 

3 

2 

3 

2 

6 

5 

3 

4 

2 

S20 

12 

4 

2 

3 

3 

4 

0 

2 

2 

2 

TT  = 

.40,  No-Shock 

S21 

12 

9 

10 

12 

10 

9 

8 

10 

9 

8 

S22 

12 

8 

7 

8 

7 

10 

10 

7 

7 

5 

S23 

10 

l4 

l4 

16 

15 

3 

8 

3 

6 

8 

S 2k 

8 

16 

2 

5 

9 

7 

4 

11 

12 

0 

S25 

l4 

11 

10 

11 

12 

12 

13 

9 

7 

6 

S26 

10 

5 

8 

9 

10 

9 

4 

3 

0 

4 

S27 

12 

11 

11 

13 

13 

6 

12 

6 

8 

8 

S28 

8 

11 

7 

5 

7 

3 

2 

1 

2 

3 

S29 

10 

11 

12 

11 

11 

9 

10 

13 

12 

10 

S30 

12 

10 

7 

12 

12 

7 

7 

15 

9 

10 
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TABLE  23  (Continued) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Tr  = .05 

, Shock-Wrong 

S31 

3 

1 

1 

0 

0 

l 

0 

2 

0 

1 

S32 

4 

3 

2 

1 

0 

0 

0 

4 

0 

3 

S33 

5 

0 

0 

0 

0 

0 

0 

0 

1 

0 

S34 

7 

1 

0 

0 

1 

0 

3 

2 

7 

3 

S35 

1 

1 

0 

1 

1 

1 

0 

0 

2 

1 

S36 

5 

1 

1 

0 

0 

0 

0 

3 

2 

4 

S37 

3 

2 

0 

0 

0 

0 

0 

1 

0 

1 

S33 

12 

5 

0 

5 

0 

1 

1 

0 

5 

1 

S39 

8 

1 

1 

1 

1 

0 

1 

0 

2 

2 

s4o 

3 

2 

0 

0 

0 

0 

1 

0 

0 

0 

TT 

- . 15.  Shock-Wrong 

ski 

9 

5 

6 

3 

7 

4 

4 

8 

1 

7 

Sk2 

5 

0 

2 

6 

0 

0 

0 

1 

1 

1 

S43 

9 

7 

2 

3 

5 

4 

0 

1 

2 

2 

s44 

4 

5 

0 

1 

0 

0 

1 

0 

2 

1 

s45 

14 

3 

0 

1 

1 

1 

2 

1 

3 

2 

sl*6 

9 

6 

5 

2 

1 

3 

1 

2 

2 

6 

ski 

10 

8 

4 

2 

7 

3 

1 

2 

3 

4 

skQ 

10 

12 

9 

2 

6 

1 

0 

0 

3 

2 

sk9 

7 

3 

3 

3 

3 

4 

4 

3 

6 

3 

S50 

10 

8 

1 

4 

3 

2 

1 

2 

0 

4 

TT 

-.40, 

, Shock-Wrong 

S51 

13 

7 

10 

10 

11 

8 

6 

8 

4 

3 

S52 

12 

12 

9 

12 

12 

8 

8 

7 

4 

4 

S53 

11 

10 

10 

12 

8 

6 

8 

6 

11 

7 

S54 

10 

8 

12 

10 

13 

6 

8 

4 

7 

8 

S55 

14 

10 

13 

10 

7 

13 

13 

9 

8 

7 

S56 

10 

4 

7 

7 

7 

7 

5 

6 

5 

4 

S57 

12 

12 

8 

13 

9 

10 

6 

5 

3 

4 

S58 

12 

9 

8 

9 

10 

11 

6 

5 

3 

4 

S59 

10 

9 

11 

l4 

9 

8 

7 

6 

7 

3 

S60 

10 

9 

14 

13 

7 

11 

9 

12 

12 

7 
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TABLE  23  (Continued) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

T= 

.05,  Noncontingerrfc-Shock 

S6l 

3 

0 

0 

0 

0 

0 

2 

4 

0 

3 

S62 

4 

2 

1 

0 

0 

1 

1 

1 

2 

2 

S63 

7 

4 

3 

2 

4 

3 

1 

3 

8 

4 

364 

6 

3 

4 

0 

2 

0 

5 

6 

5 

5 

S65 

4 

3 

1 

3 

1 

0 

2 

8 

4 

3 

S66 

8 

2 

5 

0 

2 

0 

1 

4 

2 

9 

S67 

1 

2 

0 

0 

0 

1 

0 

4 

2 

4 

368 

8 

4 

l 

1 

3 

3 

7 

6 

9 

5 

S69 

9 

3 

1 

0 

2 

0 

2 

7 

5 

3 

S70 

9 

3 

3 

7 

3 

1 

3 

5 

5 

4 

TT  es 

.15,  Koncontingent-Shock 

S71 

8 

3 

3 

4 

4 

3 

3 

1 

2 

1 

S72 

12 

9 

1 

3 

2 

5 

3 

2 

1 

1 

S73 

8 

6 

2 

2 

2 

1 

2 

0 

0 

1 

S74 

10 

3 

1 

4 

2 

2 

3 

3 

2 

3 

S75 

11 

6 

3 

2 

1 

2 

1 

1 

0 

1 

S76 

7 

8 

6 

7 

3 

3 

0 

2 

0 

6 

S77 

9 

7 

5 

2 

4 

4 

1 

1 

2 

2 

S78 

11 

9 

8 

10 

6 

1 

2 

0 

5 

4 

37  9 

3 

2 

4 

4 

3 

1 

3 

3 

4 

6 

s80 

11 

11 

3 

0 

0 

2 

2 

0 

2 

1 
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ZABLE  24 

Record  of  the  Humber  of  Errors  for  Blocks  of  20  Trials  for  All  Ss 

Blocks  of  20  Trials 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

rr 

ss 

.05.  No-Shock 

SI 

7 

5 

6 

3 

1 

2 

4 

5 

3 

11 

S2 

k 

2 

1 

1 

2 

1 

3 

6 

2 

6 

S3 

10 

7 

4 

5 

3 

3 

2 

2 

7 

8 

s k 

11 

1 

1 

1 

1 

2 

4 

7 

5 

5 

S5 

5 

2 

1 

2 

0 

1 

4 

6 

3 

6 

S6 

7 

4 

3 

3 

2 

1 

4 

5 

5 

12 

S7 

10 

5 

6 

4 

6 

6 

3 

6 

6 

7 

S8 

12 

0 

3 

2 

1 

1 

4 

3 

8 

11 

S9 

6 

3 

3 

1 

1 

3 

10 

12 

7 

4 

S10 

k 

5 

1 

3 

0 

1 

5 

9 

1 

9 

.15,  No-Shock 

Sll 

ll 

6 

5 

6 

5 

7 

4 

7 

4 

7 

S12 

9 

12 

7 

7 

9 

10 

8 

9 

6 

8 

S13 

10 

10 

4 

5 

9 

2 

5 

3 

8 

6 

Si4 

9 

7 

5 

5 

8 

7 

6 

11 

5 

3 

si5 

8 

8 

3 

8 

3 

6 

5 

5 

3 

6 

Sl6 

6 

8 

7 

8 

4 

4 

4 

7 

3 

9 

S17 

12 

7 

5 

5 

3 

4 

4 

8 

5 

4 

Sl8 

10 

8 

6 

3 

9 

3 

2 

3 

9 

6 

S19 

7 

k 

4 

6 

5 

10 

8 

8 

8 

4 

S20 

10 

5 

3 

6 

5 

6 

4 

6 

4 

8 

.40,  No-Shock 

S21 

11 

9 

12 

11 

9 

9 

9 

8 

8 

10 

S22 

l4 

8 

12 

11 

13 

10 

ll 

8 

8 

8 

S23 

12 

11 

9 

7 

13 

4 

10 

5 

8 

11 

S24 

9 

13 

5 

11 

7 

11 

6 

12 

12 

2 

S25 

10 

10 

7 

11 

10 

12 

15 

7 

9 

6 

S26 

11 

7 

8 

10 

10 

12 

5 

5 

3 

8 

S27 

8 

13 

12 

6 

10 

10 

9 

11 

7 

9 

S28 

10 

10 

12 

10 

9 

6 

5 

1 

6 

8 

S29 

7 

9 

7 

5 

11 

u 

7 

8 

10 

12 

S30 

10 

9 

10 

l4 

8 

9 
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Fig,  7,  Photograph  of  the  stimulus  panel* 
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